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(57) Abstract: The invention pertains to a method 
and an airangement for managing packet data transfer 
in a ceUular system. The invention is advantageously 
applied in systems based on the WCDMA O^deband 
Code Division Multiple Access) method, such 
as the Universal Mobile Telecommunications 
System^ UMTS. An idea of the invention is that die 
decision about the channel used for the tranisfer of 
packet data is made based on a channel selection 
parameter and values of the parameters needed in the 
decision-making are sent to the mobile station (630). 
The parameters are advantageously sent on a common 
chaimel such as the BCH or FACH. Parameters 
sent advantageously include the maximum packet 
size on the RACH, current RACH load, a threshold 
value for amoimt of data in RLC buffers, etc. The 
parametm may be defined so as to concern all mobile 
stations, a subset of the mobile stations or one mobile 
station in the area in which the parameters are sent 
The invention minimizes die transfer capacity load 
associated with signaling and the transfer of packet 
data can be performed with minimal delays caused by 
signaling. 
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(57) Absb-act 

The invention pertains to a method and an arrange- 
ment for managing packet data transfer in a cellular system. 
The invention is advantageously applied in systems based 
on the WCn)MA (Wideband Code Division Multiple Ac- 
cess) method, such as the Universal Mobile Teleconmiuni- 
cations System, UMTS. An idea of the invention is that the 
decision about the channel used for the transfer of packet 
data is made based on a channel selection parameter and 
values of the parameters needed in the decision-making are 
sent to die mobile station (630). The parameters are advan- 
tageously sent on a common channel such as the BCH or 
FACH. Parameters sent advantageously include the max- 
imum packet size on die RACH, current RACH load, a 
threshold value for amount of data in RLC buffers, etc. 
The parameters may be defined so as to concern all mo- 
bile stations, a subset of the mobile stations or one mobile 
station in the area in which the parameters are sent The 
invention minimizes the transfer capacity load associated 
with signaling and the transfer of packet data can be per- 
fomied with minimal delays caused by signaling. 
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Method and arrangement for managing packet data transfer in a cellular 
system 



The invention relates to a method and an airangement for managing the transfer of 
5 packet data in a cellular system. The invention is advantageously applied in 
WCDMA (Wideband Code Division Multiple Access) based mobile 
communications systems, such as UMTS (Universal Mobile Telecommunications 
System), which uses TDD (Time Division Duplex) and FDD (Frequency Division 
Duplex) modes. 

10 To aid in understanding the invention, it is below described in more detail the 
structure of the UMTS system, which is a so-called third-generation telecommuni- 
cations system, and the transfer of packet data in the UMTS. It should be noted, 
however, that the channels, protocol layers and signaling procedures presented here 
are just examples associated with the UMTS system and the application of the 

15 present invention is in no way limited to them. Methods according to the prior art 
are also described in the patent application document WO 96/37079 and in the pro- 
posal for a standard ETSI, European Telecommunications Standards Institute; 
UMTS YY.Ol UE-UTRAN Radio Interface Protocol Architecture; Stage 2,' 
18.12. 1998, and UMTS (YY.02) Layer 1; General Requirements, 12/1998. 

20 Fig. 1 schematically shows a third-generation digital cellular system. The entity 
comprised of base station subsystems (BSS), including radio network controllers 
(RNC) and base stations (BS), is called a UTRAN (UMTS Terrestrial Radio Access 
Network). Core networks CN comprise different exchange systems, such as MSC 
(Mobile Services Switching Center) and SGSN (Serving GPRS Support Node; 

25 GPRS = General Packet Radio Service), which in addition to versatQe 
communications facilities may also offer various intelligent network services. A 
mobile station MS can be connected with a plurality of core networks CN via 
UTRAN. 

Fig. 2 shows protocol layers in a proposed UMTS system. The lowest protocol layer 
30 between the mobile station MS and radio access network UTRAN is Layer 1 (LI) 
200, 201, which corresponds to the physical radio link. Above that layer there is an 
entity corresponding to layer 2 of the conventional OSI model, with a media access 
control (MAC) layer 202, 203 at the bottom and above it a radio link control (RLC) 
layer 204, 205. On the top there is a radio resource control (RRC) layer 206, 207 of 
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1^ 3 of fte OSI modeL In betwe«, fb. radio access network UTRAN and lie in-' 
OSI model laye« LI and L2 (blocks 208 and 209 in Fig. 2) correspond to flie 

; fZ^^% '7. ^"^ " ■"•"^^ •'y- " OU^AP; block 

210 and 21 1 m F.g. 2) corresponds to the above-described RRC layer The IWU is 
necd^ the UTRAN is connected to a second-g«,erad„n cor. ne^Lk,^, ^e^^ 

to the radio mterface of the UMTS system, user data and signalhig may be sent 
^« on a dedrcated cham,el (DCH) allocated to the mobileltion (for a gC 

mcl,^ e.g. the random access channel RACK, forward link access channel FACH 
broadcast channel BCH and the paging chamiel PCH. 

« a nsk that multiple mobile stations will be using it simultaneously so fliat a coUi 

^CaT M r receivcd'd^T* 

RACK, the id^ifficr of the mobUe station origmating the transfer has to be se^t as 

fte i^Tv^ T « b-^t the mobile stadon mea^s 

(CCpZ t ™ ""^'^ Pky--' Channel 

^om f """^ ^"io". BCH channel 

about the transnussion power of the CCPru nU^^^ i • • ^"<umei, 

these data A. • ^-t.i'CH channel in question. In addition to 

these data, the transmission power detemunation uses the uplink interference leZ 

^riT " f -'^^^^ sign'al-to-^S^^ rll 

(SIR), which are sent to the mobile station on the BCH. 

may be used on the FArT'^^ Z ! ' °°' ^ '^^'^'^ POwer control 
.he FACH "^S^O " ^hort notice on 

A downlink BCH uses a fixed transfer rate On the Rrn . ^ 

cove., the whole eel Likewise, on a do,^PCH a^, ''^^^ 

die whole cell. ' i^CH a transmission always covers 
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A dedicated channel DCH may be reserved in the downlink and/or uplink direction. 
Fast transfer rate changes are possible on the DCH. Also associated with the DCH is 
fast transmission power control. 

Moreover, it is possible that the channel allocated to the mobile station be available 
to other mobile stations as well, being then a so-called shared channel. Below, a 
dedicated channel may also refer to such a channel. 

The MAC adapts the logical channels and the transfer channels mentioned above in 
such a manner fliat the broadcast control channel (BCCH) is transferred on the 
BCH, the paging control channel (PCCH) is transferred on the PCH, and the dedi- 
cated control channel (DCCH) and dedicated traffic channel (DTCH) are transferred 
on the DCH. In addition, the DCCH and DTCH may also use the FACH/RACH as 
well as a downlmk shared channel (DSCH). 

Downlink packet data transfer may be performed in three different ways: 

- Packet data are transferred on the FACH which the mobile station is cuirently 
listening to. 

- Packet data are transferred on another FACH than the one that the mobile station 
is hstening to, so that the UTRAN &st assigns the mobile station a new FACH for 
the transfer. 

- Packet data are transferred on a DCH, 

Assignment of a DCH channel is signaled on the current FACH. The UTRAN then 
uses the downlink DCH to transfer the data packets and control information. The 
DCH may also be assigned using a special signaling DCH (so-called Control Only 
mode). The mobile station uses the upUnk DCH to transfer acknowledgments and 
control information. 

For downlink data the decision to use a common or a dedicated channel may be 
network implementation dependent, in which case no radio interface signaling is 
needed. 

Uplink packet transfer may be performed in one of two altemative ways : 

- Data are transferred on the RACH and acknowledgments on the FACH, or 

- The RACH/FACH is used to assign a DCH for data transfer. The DCH may also 
be assigned using a special signaling DCH. 

Fig. 3 illustrates packet data transfer on an uplink common channel. A random ac- 
cess burst 301 sent on the RACH is accompanied by a user data packet 302. Such 
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ma data packets may be sent on arbitraiy moments Th. A , , 
knowledged on the do»nlink FACH (no.I,Z."t 5 °" " 

xcqnired by the mobile ste^I ifl*! "^T "^^^ *° " "^f" ^ 

mobile sttition may seLu^^ J '^'^ " " » 

packets 406^8 are L st tlT™ J ™^ 
fte ^stem. As the time pedod TI ™ t r""^ ""^^ 
the chamiel is released Less 4e mo^, t . """es to an end. 

priortoflieendofthelinrSod ™f "^V'^fy 
«^ a message ^^"^ '^^'^ be mad! 

on ae RACH, acknowledged 512 rv fteT , u T*"^ a burst 511 sent 
-.ion may then send l^^^sTs-ZZ 1 ^ 
tecting a pause T2 of sufficient duration foil! '° "^P™ ''<^ 

^ sends to dte mobile st^L r^f^^T"^ " ^"^^ '^'^ P-^" tie 
the channel. " command 513 in order to free 

ll.usfl^infon^a.ionabtura.r^'p:^;':,':':^^ '^--"^ 
to the system, whereafter the system wll have ,^^1 '° 
decision on the use of a common vs dedicated !h ^ ^ ■^"naafon about the 
information transfer uses ud traffi„ 1 ! ' ™s 

^ uses up traffic capacity and slows down the transfer of packet 
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An idea of the invention is that tiie decision about the channel to be used for tiie 
packet data transfer is made dependent on a channel selection parameter, and 
parameters needed in the decision-making are sent to the mobile station. The 
parameters are advantageously sent on a common channel such as the BCH, FACH 
5 or PCH. The parameters may also be sent on a DCH if one is aUocated to the mobile 
station. Parameters to be sent advantageously include the maximum packet size 
allowed for the RACH, current RACH load, etc. The parameters may concern all 
mobile stations, a subset of the mobile stations or one mobile station in the area in 
which the parameters are sent The invention decreases the signaling load associated 
10 with the allocation of packet data transfer capacity as well as minimizes the delay 
associated with the starting of data transfer. 

The decision about whether to use a common or a dedicated channel may be based 
on a plurality of channel selection parameters such as: 

- size of data packet; amount of data in RLC buffers or information obtained from 
15 higher layers about the amount of data to be transferred, 

- bit rate required, 

- allowable transfer delay, 

- priority or importance of the data to be transferred, 

- channel load, 

20 - power level required for the transfer on the RACH, and 

- ma x im u m packet size transferable on the RACH. 

The mobile station usually has the information on Ihe bit rate required, allowable 
transfer delay and the priority of tiie data to be transferred for the uplink packet data 
transfer. The use of these parameters in the channel selection is essential to achieve 
25 a sufficient data transfer quality level. 

It is important to provide the mobile station with the common channel (RACH) load 
information in order to achieve the desired reliability of transfer, transfer rate and 
transfer delay on the channel selected, and to make it possible to determine the 
transmission power for the random access burst. 

30 The maximum allowed transmit power level on the RACH is also an essential piece 
of information to be transferred from the system so that it can be verified that the 
transmit power available and the reliability of tiie transfer are sufficient, and so that 
power consumption at the mobile station can be minimized. 
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Furtheimore, the maximum packet size aUowed on the RACK i. «lco • 

- the data packet is tranrfeired using the selected channel 
IS characterized in that ^nnei, 

10 -a channel selection parameter is defined 

said chamiel selection parameter is sent i«"<"ncier, 

-said selection is made oT^ "^^7 r^f"" '° "^'"^ 
parameter. o^" t^e chamiel selection 

15 In another embodiment of the invention 

20 In another embodiment of the invention 

- the last current value of fl,e chaCH^™ * ^' 

is compared to said calculated ^ „f * T '^T """"^ ^^on 

- ----ec«onismade:thi"::/*7:zrr°"'''^^^ 

A ceUul^ system according to fte invention, comprisine 

-means for sending packet data in the upliidirS^fi^ 

system using a selected channel, "^"^ ^ » >nob>le station to the 

- means for selecting a common channel rR Arm 

30 the sending ofa data packet, " > "hamiel (DCH) for 

is characterized in diat 4e ceUular system also comprises 

- means for defining a channel selection paramete 

- means for detennining a cu-ren. value for the ch^ne. selection parameter. 
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- means for sending the value of said channel selection parameter from the system to 
the mobile station in order to make said selection on the basis of the value of the 
channel selection parameter. 

A mobile station according to the invention which is connected with a cellular 
system and comprises means for sending uplink packet data to the system using a 
selected channel, wherein flie selected channel is either a common channel (RACH) 
or a dedicated channel (DCH), is characterized in that the mobile station also 
comprises 

- means for receiving a channel selection parameter value from the system, and 

- means for making said selection dependent on said channel selection parameter 
value. 

Preferred embodiments of the invention are described in the dependent claims. 

The invention is below described in more detail with reference to the accompanying 
drawing in which 

Fig. 1 illustrates the structure of a third-generation cellular radio network. 
Fig. 2 shows protocol layers in a third-generation radio access network. 
Fig. 3 illustrates uplink data packet transfer on the RACH, 
Fig. 4 illustrates the transfer of individual data packets on an uplink DCH, 
Fig. 5 illustrates the transfer of data comprised of a plurality of data packets on 
an uplink DCH, 

Fig. 6 shows a flow chart of a method according to the invention for managing 

uplink packet data transfer, 
Fig. 7 illustrates the structure of a protocol data unit, and 
Fig. 8 shows a block diagram of a mobile station according to the invention. 

Figs. 1 to 5 were already discussed above in conjunction with the description of the 
prior art, so below the invention is described referring mainly to Figs. 6 to 8. 

Fig. 6 shows a flow chart of a method according to the invention for transferring 
packet data in the uplink direction, 600. First, threshold values are determined for 
the channel selection parameters and stored in the mobile station's memory, step 
620, It should be noted that a channel selection parameter may have a system- 
specific invariable threshold value, such as data packet size, while some channel 
selection parameters may require a current value associated witii the threshold 
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5 asfoUows: ^ >l«emative common channels 

- on the BCH to mobile stations in the idle mode 

- on the FACH to mobile stations in the RACIWACH 

: on the PCH or BCH to mobUe stations M^^'-" . ^ 

•die mode. This mode is also kno™ as the URA^™ " ° """" 

^ on .he basis of parametTrecei^dt ° 1"™°™ 

layer to detcnnine the ap^roptia^r^f" ^ " "^^'^ 

20 rives during the lUcS;S^'„:r^^:f^°-'7«^^ 

MAC compares the size of the SDU to rtT *" ^ ^ 

RLC packet is greats ftL L ^^TT ^ of the 
layer ^quests transfer resour^ TZ^Z^ I ^ °" ^ 

layer. The RRC layer takes Z Z, ^ ° RRC 

25 the radio inter&ce L Wo^J k^c L T"""' "-o- 

"meters it can use an<l if^^^^^^" ^^^^H) >»- 

of d^RLCpacketis smau'^':^^^ T't ^ 
sohednlesdtesendingofthedataon;':^r:^t:^-^*'MAClayer 

RRC layer of flte "ep 680. Tie 

^ER) value to calculate the m^cZr^o" St^T* ^ 

for each particular »dio access chamiel TOe Bm ™f ^ "™'> 

annei. The BER value « needed to estimate die 
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number of possible retransmissions. If there are multiple radio access channels with 
different BER parameter values the maximum RLC-PDU may be different for each 
of them. The maximum allowed RLC-PDU size is sent to the MAC layer of the 
mobile station. 

5 Fig. 7 shows by way of example a RLC-PDU structure comprising 160 bits when 
the transfer rate is 16 kbps and 320 bits when the transfer rate is 32 kbps. In addi- 
tion, the 10-ms Layer 1 frame includes e.g. the LI CRC (Cyclic Redundancy 
Check) and possible tail bits. 

Fig. 8 shows in a simplified block diagram a mobile station 800 according to the 
10 invention and its connection to a cellular system. The mobile station comprises an 
antenna 801 to receive radio-frequency (RF) signals sent by base stations. A re- 
ceived RF signal is conducted by means of a switch 802 to a RF receiver 811 in 
which the signal is amplified and converted digital. The signal is then detected and 
demodulated in block 812 which advantageously comprises a RAKE combiner. 
15 Deinterleaving is performed in block 813 and de-encryption in block 814. Signal 
processing is then performed in block 830. The received data may be stored as such 
in the mobile station's memory or, alternatively, the processed packet data are 
transported after the signal processing to a possible external device, such as a com- 
puter. A control unit controls the reception blocks mentioned above in accordance 
20 with a program stored in the unit 

Transmission according to the invention from a mobile station is performed e.g. as 
follows. ControUed by the control unit 803, block 833 performs signal processing, 
and block 820 encrypts the processed signal e.g. on the MAC layer, and block 821 
interleaves the signal e.g. on layer LI. Bursts are generated from the encoded data in 
25 block 822, which are modulated and amplified into a RF signal in block 823. The 
RF signal to be transmitted is conducted to the antenna 801 by means of switch 802. 
The control unit 803 controls also these processing and transmission functions. 

The control unit 803 controls the reception blocks in such a manner that the para- 
meters relating to the selection of the uplink channel are received from a common 
30 channel in accordance with the invention. Channel selection is advantageously per- 
formed in the control unit 803 which also controls the transmission blocks such that 
the packet data are transmitted on the selected channel. 

Fig. 8 also shows a keypad 831 and display 832 that belong to a conventional mo- 
bile station. The blocks of the mobile station according to the invention may be im- 
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plemented using components which are knnwn « r, 
that oontrols fte oth„ bl<«ks ^tZ t T 1 

invendoa ™™ "'""""Wocli Junctions according to the 

L"t^:^o: rector: - - 

850 of one or more base staC 85 1 r the antenna 

SSlviaahasestationtnr.rssrto'i^ 

neoted, apart bom other base station svsL^tT ''^ " 

^gistcr 854 and pnbUc s^t^C^ZTnZo: ^° 
base station system sends the n.™™^ ™' """S The 

data transfer L^e to^^Z^' P"'"" 
oeives the packet ^U^ZT^^ " ^^'""^'^ ™* invention and re- 
mobfle s Jon. ' '^<""* ' «lect«i by the 

i!^e:rth^ xt'n:^*;''""^ - - 

for a so-caUed S^^e^tiont " '^'^ ™* Pl»s 

here only by waTrf «»™»»i"tions system, which is diseased 

of tire inve^tir^eTiLToon''":''; ^^'^ "^""o"*'' "PP^^tio" 
tions system but itn^ri^L 

fte clJms attach dtoe^ ""^ -^^O" - defined by 
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Claims 

1. A method for transferring packet data in the uplink direction from a mobile 
station to a system in such a manner that 

- a common channel (RACH) or a dedicated channel (DCH) is selected for the 
5 sending of a data packet, and 

- the data packet is sent using the channel selected, 
characterized in that 

- at least one chaimel selection parameter is defined (620), 

- a current value is determined for the channel selection parameter, 

10 - said channel selection parameter value is sent from the system to the mobile 
station (630), and 

- said selection is performed on the basis of said channel selection parameter value 
(650, 660), 

2, A method according to claim 1, characterized in that 

15 - a direshold value of the channel selection parameter is stored at the mobile station 
(620), 

- the current value of the channel selection parameter sent to the mobile station is 
compared to said threshold value of the channel selection parameter (650), and 

- said selection is made on the basis of said comparison (660). 

20 3. A method according to claim 1, characterized in that 

- a value corresponding to the channel selection parameter is calculated at the 
mobile station on the basis of the parameters of the data packet to be transferred, 

- the last current value of the channel selection parameter sent to the mobile station 
is compared to said calculated value of the channel selection parameter, and 

25 - said selection is made on the basis of said comparison. 

4. A method according to any one of claims 1 to 3, characterized in that if the 
channel selected for the data packet transfer is a dedicated channel (DCH), a 
channel (DCH) is allocated after the selection, whereafter the data packet is 
transfeired on flie allocated channel (DCH). 

30 5. A method according to any one of claims 1 to 4, characterized in that said 
channel selection parameter value is sent on a common channel. 
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PCH. foUowing common chamiels: BCH, FACH, 

- maxmimn aUowed data packet size on the RACK 
10 -bit rate required, 

- allowed transfer delay, 

- priority of data to be transferred, 
■ load on the transfer channel, and 

- transmit power level required on the RACK. 

the following: ^ several of 

20 - maximum aUowed data packet size on the RACK 
- load on the transfer channel, and 
" inaximum aUowed power level on the RACK. 

stations iBfl^^.a^wMr^r^a^ir,;'"'"" ' """""^ ^ -"^^ 



30 
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14. A method according to any one of claims 1 to 11, characterized in that the 
channel selection parameters are defined so as to concern a single mobile station. 

15. A cellular system comprising 

- means for sending packet data in the uplink direction fi-om a mobile station to the 
5 system using a selected channel, 

- means for selecting a common channel (RACH) or a dedicated channel (DCH) for 
the sending of a data packet, 

characterized in that it also comprises 

- means for defining a channel selection parameter, 

10 - means for determining a current value for the channel selection parameter, 

- means for sending the value of said channel selection parameter fi-om the system to 
the mobile station in order to make said selection on the basis of the value of the 
channel selection parameter. 

16. A mobile station connected with a cellular system, comprising means for 
15 sending uplink packet data to the system using a selected channel, wherein 

the selected channel is either a common channel (RACH) or a dedicated channel 
(DCH), . characterized in that it also comprises 

- means for receiving a channel selection parameter value from the system, and 

- means for making said selection dependent on said channel selection parameter 
20 value. 

17. A mobile station according to claim 16, characterized in tiiat it comprises 

- means for storing a threshold value of the channel selection parameter, 

- means for comparing a current value of the channel selection parameter sent to the 
mobile station to said threshold value of the channel selection parameter, and 

25 -means for making said channel selection on the basis of the result of said 
comparison. 

18. A mobile station according to claim 16, characterized in that it comprises 

- means for calculating a value corresponding to the channel selection parameter on 
the basis of tiie parameters of the data packet to be sent, 

30 - means for comparing a current value of the last channel selection parameter sent to 
the mobile station to said calculated value of the channel selection parameter, and 
■ means for making said channel selection on the basis of said comparison. 

19. A mobile station according to claim 18, characterized in that said value 
corresponding to the channel selection parameter is the amount of data m the RLC 
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bu£Fer(s) said last current value of the last ch^nr,^] coi-^ 

value for 4e „f data in *e rI^^^' ""^ ^ 

20. Tl^^'ofAemethodofanyoneofcIain^itoMinaUMTSsystem. 

21. A cellular sys«m of claun 15. characterized in flu., it i. a UMTS system. 

systeT °' "^"^ ™^ °- 16 to 19 in a UMTS 
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